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(57) ABSTRACT

In some process contexts 1t 1s desirable to maintain a
constant strain on the web 1nstead of constant tension. The
novel system measures the caliper of the web material and
adjusts the tension to achieve the desired constant strain. The
caliper may be measured by monitoring the radius of the
expiring web reel in connection with the angular position of
the reel. The web caliper 1s input 1nto a control scheme that
includes an algorithm determining the appropriate tension to
applied to the web 1n accordance with its caliper. The control
scheme outputs a variable force command to a dynamic
dancer which adjusts the web tension and thus sets the
constant web strain. The variable force may be injected via
an air cylinder, a hydraulic cylinder, a spring with a dynamic
oground, or an electromagnetically driven actuator.

8 Claims, 2 Drawing Sheets
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STRAIN CONTROL IN AN INFEED OF A
PRINTING MACHINE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The 1mnvention lies 1n the field of paper handling devices
and pertains, more speciiically, to a system 1n the infeed of
a web-fed printing machine for controlling the tension on the
web.

The infeed 1n a printing machine 1s disposed between a
reelstand, which holds a reel with a continuous web, and the
following printing units. The function of the infeed is to
maintain proper web tension in the printing units and to
correctly align the paper web. Web tension 1s adjusted 1n the
infeed with so-called dancer rollers disposed between the
pull rollers, which pull the paper web from the reel, and the
printing units. One of more web tension measuring rollers
are disposed to measure the web tension at all times. Besides
the primary pulling forces, the web tension i1s subject to
variations due to differences in the elasticity of the paper
web, the relative humidity, faults in the web unwinding from
the reel, or splicing.

Existing infeed configurations are maximized to maintain
a constant web tension. Since tension 1s defined as the ratio
of the pulling force to the cross-sectional area of web, the
strain on the web varies with the caliper of the web
material—even 1t the pulling force remains constant. For
some processes 1t 1s desirable to maintain a constant strain
in the web. Current infeed configurations which maintain
constant web tension are not equipped to measure web strain
and to maintain a constant web strain.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
strain control system for a web-fed printing machine, which
overcomes the above-mentioned disadvantages of the
heretofore-known devices and methods of this general type
and which enables web strain control and which allows a
constant strain to be maintained on the infeed web.

With the foregoing and other objects 1n view there is
provided, 1in accordance with the invention, a strain control
confliguration 1in a web-processing machine, comprising:

a reel carrying a continuous web of material and disposed
to rotate for paying out the web and feeding the web to

d Process,

a measuring device for measuring a caliper of the web
material;

a tension setting device for setting a tension of the web
entering the process; and

a drive circuit connected to the measuring device and to
the tension setting device, the drive circuit controlling
the tension of the web via the tension setting device 1n
dependence on the caliper of the web material to
maintain a substantially constant strain on the web.
In other words, some processes are improved 1f a constant
strain 1s set on the web instead of constant tension. The novel
system measures the caliper of the web material and adjusts
the tension to achieve the desired constant strain. The caliper
may be measured by monitoring the radius of the expiring
web reel 1n connection with the angular position of the reel.
The web caliper 1s input 1into a control scheme that includes
an algorithm determining the appropriate tension to applied
to the web 1n accordance with its caliper. The control scheme
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2

outputs a variable force command to a dynamic dancer
which adjusts the web tension and thus sets the constant web
strain.

In accordance with an added feature of the invention, the
measuring device comprises a sensor disposed to measure a
diameter of the reel and a sensor for sensing an angular
position of the reel.

In accordance with an additional feature of the invention,

the tension setting device includes a dancer roller about
which the web 1s deflected and a device for controlling a
position of the dancer roller for selectively increasing and
decreasing a deflection of the web between the reel and the
Process.

In accordance with another feature of the invention, the
tension setting device further includes a piston/cylinder
assembly operatively connected to the dancer roller and a
pressure regulator communicating with the piston/cylinder
assembly for adjusting a position of the dancer roller.

The variable force may be 1njected via an air cylinder, a
hydraulic cylinder, a spring with a dynamic ground, or an
clectromagnetically driven actuator.

In accordance with a further feature of the invention, the
drive circuit 1s configured to calculate the caliper of the web
material and programmed to adjust the tension of the web 1n
dependence on the caliper to maintain a substantially con-
stant strain on the web.

In accordance with again an added feature of the
invention, the drive circuit 1s configured to adjust the strain
on the web to a desired strain set at a given 1nput of the drive
circuit.

In accordance with again an additional feature of the
invention, the drive circuit comprises a processor for calcu-
lating a desired tension required to maintain the substantially
constant strain on the web, and a first converter for convert-
ing a signal representing the desired tension to a signal
representing a force to be applied to the web.

In accordance with again a further feature of the
invention, the drive circuit further comprises a second
converter connected to the first converter for converting the
signal representing the force to a signal representing a
pressure to be applied to a pressure regulator defining the
tension on the web.

In accordance with a concomitant feature of the invention,
the drive circuit further comprises a feedback loop for
iteratively correcting and driving an output signal thereof to
a desired strain set at an 1nput thereof.

Other features which are considered as characteristic for
the 1nvention are set forth 1n the appended claims.

Although the mvention 1s illustrated and described herein

as embodied 1n a strain control 1n a web-fed printing
machine, 1t 1s nevertheless not intended to be limited to the
details shown, since various modifications and structural
changes may be made therein without departing from the
spirit of the invention and within the scope and range of
equivalents of the claims.

The construction of the invention, however, together with
additional objects and advantages thereof will be best under-
stood from the following description of the specific embodi-
ment when read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a diagrammatic side view of an infeed configu-
ration with a tension/strain control system according to the
mvention;

FIG. 2 1s a schematic diagram of a processing system with
a caliper feedback strain control for the configuration 1llus-

trated in FIG. 1; and
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FIG. 3 1s a perspective view of a unit length of web
material.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the figures of the drawing in detail and
first, particularly, to FIG. 1 thereof, a web 1 of material is
unwound from a reel 2 on a reelstand 3. The reel 2 rotates
in the direction of an arrow 4. A caliper sensor 3 1s disposed
to monitor the radius or diameter of the expiring reel 2. The
sensor 5 has an output signal RD proportional to the reel
diameter. The angular position of the reel 2 1s measured with
a sensor 6. The sensor 6 has an output signal RP proportional
to the reel position.

A pull roller 7, formed by a roller pair including a driven
roller 8 and a pressure roller 9, pulls the web 1 from the reel
2. Following the pull roller 7, the web 1 travels about an idle
roller 10, a dancer roller 11, and a further idle roller 12. From
there, the web 1 enters the process, such as a first printing
unit indicated by a roller pair 13.

The dancer roller 11 controls the tension of the web 1. The
dancer roller 11 1s rotatably mounted on a free end of a swing
arm or rocker arm 14, the other end of which 1s articulated
about a frame-stationary axis 15. The rocker arm 14 i1s
pivoted by a piston rod 16 which 1s actuated by a piston of
a piston/cylinder assembly 17. The primary and secondary
pressure chambers of the piston/cylinder assembly 17 com-
municate with a pressure regulator 18. In a preferred
embodiment, the piston/cylinder assembly 17 and the pres-
sure regulator 18 may be connected 1n a pneumatic loop or
in a hydraulic loop. It will be understood, however, that the
rocker arm 14 can also be moved by any other actuator, such
as an electric spindle drive or a magnetic actuator. In that
case, the pressure regulator 18 1s integrated in the assembly
17 and driven directly by a drive signal 20. The latter 1s
output by the driver circuit illustrated in FIG. 2.

A pressure 1nside the piston/cylinder assembly 17 1s
measured by a pressure transducer 19. The pressure trans-
ducer 19 has an output signal FB which 1s proportional to the
tension applied on the web 1 by the dancer roller 11. The
output signal FB 1s used as a corrective feedback signal in
the driver circuit of FIG. 2.

Referring now more particularly to FIG. 2, the driver
circuit receives the two sensor output signals RP (reel
position, sensor 6) and RD (reel diameter, sensor 5). A first
processor stage 21 calculates a paper web caliper from the
two sensor signals RD and RP. The web caliper 1s the
thickness of the web, as represented, for example, by the
difference 1n the roll diameter A, for each revolution of the
reel 2 (RP+2m) The caliper of the web is output by the first
processor stage 21 as a signal CAL.

A second processor stage 22 receives as 1ts input signals
the caliper signal CAL and a setting representing the desired
strain DS to be maintained by the dancer roller 11 via the
intermediary of the piston/cylinder assembly 17 and the
rocker arm 14. The second processor stage 22 calculates the
desired tension to be maintained so as to obtain the desired
constant strain DS.

Referring now to FIG. 3, the following definitions and
terms are used with regard to the web 1. The web 1 has a
ogrven width W which constant for each reel. A thickness of
the web 1s referred to as its caliper CAL. When a force F
stretches the web 1, 1ts “relaxed” length L 1s extended by
a length AL. The strain on the web 1s defined as a ratio
AL/L_—a dimensionless quantity. The tension on the web 1s
defined as a ratio of the pulling force F to the cross-sectional
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4

area A (W.CAL) of the web. Strain and tension are propor-
tional to one another as

where the proportionality factor Y 1s referred to as Young’s
modulus. In simple terms, Young’s modulus 1s known for a
orven material as 1ts elasticity along its longitudinal axis or
its stretch elasticity.

Returning once more to FIG. 2, the second processor
stage 22 thus calculates the tension that 1s to be applied to
the web 1 so as to maintain the constant strain. In a first
converter stage 23, the tension signal 1s converted into a
force signal which represents the force necessary to place
the required tension on the web and thus to maintain the
proper strain. The force signal 1s then converted, 1n a second
converter stage 24, mto a pressure signal which represents
the pressure to which the piston/cylinder loop must be
subjected 1n order to have the dancer roller 11 put the proper
tension onto the web 1.

As noted above, the hydraulic or pneumatic loop with the
piston/cylinder driving the piston rod 16 1s merely one of
several embodiments that are possible. If the rocker arm 14
or the bearing of the roller 11 1s directly actuated with an
clectronically driven actuator, the second converter stage 24
may be omitted from the driver circuit of FIG. 2.

The signal “pressure” output by the second converter 24
1s mput to a controller 25 with a feedback loop. The
controller 25 defines the signal 20 that 1s input into the
pressure regulator 18 which, 1 turn, adjusts the tension and
thus the strain on the web 1. The controller 25 operates on
a transfer function

1

G. =
s+ 1

and a feedback loop. The closed-loop system obtains ifs
error signal from the sensor 19 which returns the signal FB
representing the tension on the web 1.

The closed-loop driver controller 25 may be a
proportional-integral (PI) controller and the transfer func-
tion G, may include a proportional gain and an integrated
term with the 1integral gain of the feedback loop. The transfer
function G, illustrated here uses the Laplace differential
operator

S5

7
dt

and the term 1/s represents the integral operator

The 1ntegral operator represents the unit step 1 i the
Laplace transtorm. The controller 25 may be followed by a
non-illustrated min-max limiter which limits the controller
output signals to the maximum settings. These details are not
illustrated for purposes of clarity.

The output signal 20 represents the real-time tension that
1s applied to the web 1 via the dancer roller 11. The signal
20 1s formed by multiplying the proportional gain compo-
nent of the transfer function G, with the error signal that 1s
obtained by adding the feedback signal FB and the output
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signal of the converter 24 1n an adder upstream of the
transfer function controller.

The transient response of the tensioning system depends
on the scanning frequency of the various sensors and on the
tension calculation. The object, of course, 1s to run the
feedback signal FB (i.e., the output signal 20) to the “pres-
sure” signal so as to reduce the error between the signals
“pressure” and FB to zero.

I claim:

1. A strain control configuration in a web-processing
machine, comprising:

a reel carrying a continuous web of material and disposed

to rotate for paying out the web and feeding the web to
a Process;

a measuring device for measuring a caliper of the web
material, said measuring device having a sensor dis-
posed to measure a diameter of said reel and a sensor
for sensing an angular position of said reel;

a tension setting device for setting a tension of the web
entering the process; and

a drive circuit connected to said measuring device and to
said tension setting device, said drive circuit receiving
values of said sensors, calculating the caliper from the
values at a first processor stage, and combining the
calculated value as an input signal with a signal rep-
resenting a desired strain at a second processor stage,
said drive circuit controlling the tension of the web via
said tension setting device in dependence on the cal-
culated caliper of the web material to maintain a
substantially constant strain on the web.

2. The strain control configuration according to claim 1,
wherein said tension setting device includes a dancer roller
about which said web 1s deflected and a device for control-
ling a position of said dancer roller for selectively increasing
and decreasing a deflection of the web between said reel and

sald process.
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3. The strain control configuration according to claim 2,
wherein said tension setting device further includes a piston/
cylinder assembly operatively connected to said dancer
roller and a pressure regulator communicating with said
piston/cylinder assembly for adjusting a position of said
dancer roller.

4. The strain control configuration according to claim 1,
wherein said drive circuit 1s configured to calculate the
caliper of the web material and programmed to adjust the
tension of the web 1n dependence on the caliper to maintain
a substantially constant strain on the web.

5. The strain control configuration according to claim 4,
wherein said drive circuit 1s configured to adjust the strain on
the web to a desired strain set at a given input of said drive
circuit.

6. The strain control configuration according to claim 1,
wherein said drive circuit comprises a processor for calcu-
lating a desired tension required to maintain the substantially
constant strain on the web, and a first converter for convert-
ing a signal representing the desired tension to a signal
representing a force to be applied to the web.

7. The strain control configuration according to claim 6,
wherein said drive circuit further comprises a second con-
verter connected to said first converter for converting the
signal representing the force to a signal representing a

pressure to be applied to a pressure regulator defining the
tension on the web.

8. The strain control configuration according to claim 6,
wherein said drive circuit further comprises a feedback loop
for iteratively correcting and driving an output signal thereof
to a desired strain set at an input thereof.
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